Air embolism is a rare complication of gastrointestinal endoscopy. We present a 56-year-old male who developed both venous and systemic arterial air embolism during an endoscopic retrograde cholangiopancreatogram. Despite early treatment based on clinical diagnosis and confirmation by transthoracic echocardiography, the patient died as a result of severe cerebral ischaemia. Risk factors associated with air embolism in gastrointestinal endoscopic procedures include situations where the mucosa is not intact or where high pressures are generated in the lumen of the gastrointestinal tract. Clinical diagnosis of air embolism during endoscopy is difficult and urgent echocardiography is the investigation of choice. Treatment is largely supportive but hyperbaric oxygen therapy should be considered in any severe cases, especially if neurological injury is present.
Intraoperative complications of endoscopic retrograde cholangiopancreatography, such as hypotension and hypoxaemia, are not uncommon, especially when the patient has significant underlying cardiorespiratory disease. The differential diagnosis includes upper airway obstruction and cardiorespiratory depression from the sedative agents used. There are few reports of air embolism from gastrointestinal endoscopy causing cardiorespiratory instability and/or neurological deficit [1] [2] [3] [4] . We report a patient who developed severe cardiorespiratory and neurological decompensation during endoscopic retrograde cholangiopancreatography as a result of both venous and systemic arterial air embolism.
CASE HISTORY
A 56-year-old, 70 kg, previously fit, Caucasian male presented with a three-week history of intermittent abdominal pain, jaundice and pruritus. On examination, he was icteric, with no palpable abdominal masses. There were no other physical signs of note. He had abnormal liver function tests and an unremarkable CT scan of the abdomen.
An endoscopic retrograde cholangiopancreatogram was performed under intravenous (IV) sedation with midazolam 5 mg and fentanyl 150 µg. An irregular stricture in the lower third of the common bile duct was demonstrated. A biliary stent was inserted. Cytology showed adenocarcinoma. A Whipple's procedure was scheduled, but before the operation and three weeks after the first cholangiopancreatogram, the patient presented acutely with fever and epigastric pain. A blocked stent was suspected and another cholangiopancreatogram planned. Under IV sedation, this time consisting of midazolam 5 mg and fentanyl 100 µg, the biliary stent was noted to be patent and in the correct position. The patient suddenly became cyanosed with gasping breaths, SpO 2 of 70%, and comatose when the procedure was almost finished. The endoscopic procedure was stopped immediately. 100% O 2 was given followed by IV flumazenil but with no response. The patient was then intubated following IV suxamethonium 100 mg and transferred immediately to ICU. During the procedure, and prior to the inci-dent, no ongoing fluid of any type was being infused into the patient's intravenous catheter and there was no evidence of air in it.
Within five minutes of assisted ventilation, the SpO 2 improved to about 90% on 100% O 2 . Heart rate was 55/minute, in sinus rhythm but with marked ST segment depression. Systolic blood pressure was 100 mm Hg; heart sounds were dual with no murmurs. As there was ongoing cyanosis and distention of neck veins, within 30 minutes of the endoscopic procedure, transthoracic echocardiography was performed which showed large amounts of air in both ventricles ( Figure 1 ) with raised pulmonary arterial pressure and moderate impairment of right ventriclar function. There was no echocardiographic evidence of a patent foramen ovale. A central venous line was inserted immediately to aspirate air from the heart. Fifty millilitres of blood was aspirated without any noticeable air. A nasogastric tube was inserted to decompress the gastrointestinal tract. CT scan of the abdomen and chest performed two hours after the endoscopy was unremarkable and did not show any air or venous pulmonary thromboembolism or intrahepatic fistula.
Six hours after the endoscopy, the patient still remained comatose without any sedation. He was noted to be agitated intermittently with bilateral extensor motor response to painful stimuli. A CT scan of the head showed low attenuation of the left temporal lobe, but no air was demonstrated in the major cerebral blood vessels. Later on the same day, the patient developed convulsions, initially generalized, but later confined mainly to the left side. An MRI scan of the brain, performed two days after the incident, showed bilateral multiple acute and subacute grey matter infarcts especially prominent in the right middle cerebral artery territory. These findings were consistent with multiple embolic events to the brain. The patient remained comatose, with no motor response to pain, and with repeated myoclonic seizures despite multiple anticonvulsants. After a lengthy discussion with the patient's family, supportive care was withdrawn five days after the event and the patient died on the same day.
Post mortem examination showed extensive biliary carcinoma with one metastatic lymph node, portal vein thrombosis, hepatic infarcts, and a small amount of pancreatic necrosis. There were no abnormal 261 anatomical communications between bile ducts and blood vessels when dye was injected into the common bile duct. The findings in the heart were unremarkable and there was no patent foramen ovale. There were multiple areas of cortical necrosis in both cerebral hemispheres but more severe in the right hemisphere.
CASE REPORT

DISCUSSION
Systemic or venous air embolism during gastrointestinal endoscopy is very rare. This is largely because of the low insufflation pressure used during the procedure and the fact that the bowel mucosa is a very effective barrier to air. If the gastrointestinal mucosal integrity is disrupted the potential for air embolism is increased. Air embolism has been reported in association with endoscopy during sphincterotomy [1] [2] [3] [4] , and in the presence of a bleeding vessel in a peptic ulcer 5 , duodenocaval fistula 6 and active Crohn's disease 7 . Air embolism has also been reported when an endoscopic procedure is performed with high intraluminal pressure such as inside a blind loop of bowel, or when the bowel lumen is inflated by an endoscope in very close proximity to large blood vessels 8 . A list of reported risk factors 1-12 associated with air embolism during endoscopy is described in detail in Table 1 .
Our patient did not seem to have any of these reported risk factors. Systemic air embolism during endoscopic retrograde cholangiopancreatography without sphincterotomy has not been reported. The exact mechanism of systemic air embolism involved in our patient remains unknown and speculative. While we could not demonstrate any direct anatomical communications between the bile ducts and the blood vessels at the post mortem examination, we could not exclude functional communications between the portovenous circulation and the bile ducts. Such functional communications could have been opened up when substantial pressure inside the bile duct was generated during the endoscopic procedure.
The presentation of air embolism depends on the amount of air entering the circulation, and whether the air is confined to the venous system or extends into the systemic circulation. Systemic air embolism can occur even with a small amount of air when there is a patent foramen ovale. It is possible to have systemic air embolism arising from the venous system without pre-existing evidence of functional or anatomic shunt when a significant amount of air enters the venous circulation 13 .
Venous air embolism typically presents with a sudden drop in end-tidal carbon dioxide level, hypoxaemia, hypotension, raised jugular venous pressure, and occasionally a mill-wheel murmur. Apart from signs of venous air embolism, systemic air embolism can present with a more profound cardiopulmonary decompensation and sudden neurologic deterioration such as coma, seizures or focal neurological deficit. Excessive sedation or anaesthesia during endoscopy are alternative causes of hypotension and respiratory depression, especially in patients with significant co-morbidity such as severe sepsis or significant chronic cardiorespiratory diseases. Transthoracic Doppler and end-tidal capnography monitoring is used to detect air embolism during neurosurgical procedures where the risk of air embolism is significant. Transthoracic Doppler has problems with false positives and may not be practical during an endoscopic cholangiopancreatogram, whilst end-tidal capnography is generally not as reliable if the patient is not intubated. Thus the best way to differentiate air embolism from other causes of hypotension, hypoxaemia and neurological deterioration during an endoscopic procedure remains uncertain.
The presence of distended neck veins in the presence of hypoxaemia in our patient raised the clinical suspicion of pulmonary embolism indicating urgent transthoracic echocardiography which confirmed the diagnosis of air embolism. CT scan of the head or chest has also been reported to be capable of detecting air embolism 9, 10 . Based on the results of animal and clinical studies, echocardiography is the most sensitive investigation for early detection of air embolism [14] [15] [16] . Echocardiography can be performed while the patient is kept in a head-down position and may theoretically minimize further risk of air embolism to the brain. An MRI scan of the brain will take longer to organize and may not be available in all hospitals. The MRI scan of the brain was helpful later in the clinical course of our patient to delineate the extent and nature of brain injury, but not in making an early diagnosis.
The treatment goals for systemic air embolism are: prevention of further air entry into the circulation, elimination of air from the circulation, and supportive care of the patient. Our patient died from severe brain injury as a result of extensive embolic infarction of the brain. The exact mechanisms for the cerebral infarction were most likely from mechanical obstruction of arterioles and the thrombo-inflammatory response of vascular endothelium injured by air 10 . The prognosis of air embolism is related to the amount and extent of air embolism (Table 1) .
Hyperbaric oxygen therapy has been reported to be useful in reversing severe neurological deficits resulting from cerebral air embolism. The best results of such therapy were obtained when the therapy was started within the first five hours of the event 10 .
Recent reports indicate that hyperbaric oxygen therapy may still be useful in reversing neurological deficits when instituted more than 24 hours after the event 17 . We would have recommended hyperbaric oxygen therapy for our patient if we had been aware of the successful case reports in the literature at the time of the incident. Other therapies such as anticoagulation, corticosteroids and lignocaine have been suggested, but are not generally recommended 18 .
In conclusion, systemic air embolism is exceedingly rare during endoscopic procedures. Clinical diagnosis is difficult and urgent echocardiography is the investigation of choice in making an early diagnosis. Treatment is largely supportive but hyperbaric oxygen therapy should be considered in any severe cases especially if neurological injury is present.
